Chemotherapy results in increased free radical formation and depletion of tissue antioxidants. Moreover, patients receiving chemotherapy are under emotional stress, which is also accompanied by low antioxidant levels. In the present study, we measured cortisol, the main stress hormone, and total antioxidant capacity (TAC) in serum of 51 cancer patients during chemotherapy. Antioxidant activity was estimated by measuring the influence of serum in oxidation of ABTS (2,2΄-azino-bis (3-ethylbenz-thiazoline-6-sulfonic acid to ABTS+ by methmyoglobin (Antioxidant kit of Cayman). Serum cortisol was measured using an ELISA colorimetric assay. Serum TAC was significantly decreased (75% decrease compared to normal levels, p = 0.001) in all patients during chemotherapy, while blood cortisol concentration was increased by 10%, (p = 0.044). Lower antioxidant levels and higher cortisol concentration were detected in patients receiving chemotherapeutic drugs daily, compared to the ones receiving chemotherapy once a week. A difference between sexes was observed with male patients presenting lower antioxidant status and higher cortisol levels than females. A significant and persistent decrease in antioxidant capacity accompanied by increased cortisol concentration was observed in all patients during chemotherapy. This fact, which is probably generated by biological and emotional stress, increases the probability of harmful side effects and organism weakening and needs to be considered during patients' treatment.
INTRODUCTION
Cancer cells themselves seem to cause a decrease in antioxidant status [1] . Chemotherapy acts by killing cells that divide rapidly, one of the main properties of most cancer cells. Additionally, the action of most chemotherapeutic agents is based in creating reactive oxygen species (ROS) [2, 3] , and these agents are associated with depletion of plasma and tissue antioxidants [4] [5] [6] [7] . ROS are cytotoxic molecules and key mediators in signaling cascades. Increased plasma lipid peroxidation and thiobarbituric acid-reactive species accompany oxidative stress induced in patients receiving chemotherapy [8, 9] . Glutathione (GSH) concentrations are markedly reduced by chemotherapeutic agents, such as busulfan, cermustine (BCNU), and cisplatin [10] . Cisplatin is a platinum containing anti-cancer drug reacting in vivo and causing cross linking of DNA, which triggers to apoptosis. In addition, apoptosis induced by cisplatin is inhibited by ROS scavengers, including N-acetyl cysteine, MnTBAP and C 60 . Cisplatin promotes ROS production, which in turn contributes to Fas receptor aggregation and cell death. Newer anticancer drugs like nutlins act directly against abnormal proteins in cancer cells; this is termed target therapy and is technically not chemotherapy. These drugs kill cancer cells via ROS-independent pathways. Phagocytosis of cancer cells may be another reason for the generation of free radicals during chemotherapy [11] . The low serum total antioxidant capacity observed in patients suffering from cancer reflects this imbalance [12] . Insufficient defense against free radicals may have harmful results, which may be the reason for serious undesired side effects of chemotherapy. Moreover, it is hypothesized that ROS may facilitate metastasis [13] .
Many patients being treated for cancer receive dietary supplements, particularly antioxidants, during chemotherapy and radiotherapy [14, 15] . Although some preclini-cal data show that antioxidants might reduce the effectiveness of chemotherapy [16] , other studies report similar or better response in chemotherapy when combined to antioxidant-rich diet [17] [18] [19] . For example, while an excess in vitamin C is believed to facilitate glucose transportation into cancer cells, thus inducing proliferation [20] [21] [22] , antioxidant vitamins such as C and E have been successfully used as supplements for ameliorating the side effects of chemotherapy [23, 24] . In general, if generation of reactive oxygen species by a cancer chemotherapeutic agent plays a role in its cytotoxicity, antioxidants may interfere with the drug's antineoplastic activity. However, if the reactive species are responsible only for the drug's side effects, antioxidants may actually reduce the severity of such effects without interfering with the drug's antineoplastic activity [2, 25] . As a consequence, different forms of antioxidant molecules have been categorized either as interfering or not interfering with anticancer therapy.
Cortisol, usually referred to as the "stress hormone", is involved in the organism's response to stress and anxiety. It triggers all metabolic mechanisms leading to production of compounds used as energy sources in emergency conditions. It increases glucose and free aminoacid concentration in serum by inducing gluconeogenesis, thus inhibiting protein synthesis and promoting hydrolysis of lipids and proteins, and mobilization of extra hepatic amino acids and ketone bodies. Cortisol levels are affected by the circadian cycle with highest values observed early in the morning. Increased cortisol concentrations are measured in blood serum of people under biological or emotional stress, depression, sleep deprivation, fever, hypoglycemia, anorexia nervosa and after surgery [26] [27] [28] . A 3% -10% increase in cortisol levels has been observed in cancer patients varying according to the severity of the disease [29] . Cortisol is one of the main biomarkers of depression and is often used for monitoring depression therapies [30] . Moreover, increase in cortisol concentration has been associated with decrease in total antioxidant levels and low total antioxidant capacity (TAC) is a common feature in all conditions where elevated cortisol concentrations are observed [31] . The levels of some tissue antioxidants are inversely related to cortisol tissue levels [32] . Antioxidant depletion may result as a consequence of various pathways activated by cortisol or may be the effect of free radical production during cortisol metabolism, since oxidative metabolism of cateholamines produces cinones which react with superoxide anion, Ο 2  , and hydrogen dioxide, ΗΟ 2  . Antidepressant therapy resulting in decrease of cortisol levels also results in increase of antioxidant concentration. Moreover, it has been stated that augmentation of antioxidant defense could serve as an important mechanism underlying the neuroprotective pharmacological effects of these drugs [33] .
Cancer patients on chemotherapy are under strong biological and emotional stress. This may lead to high cortisol levels which may be an additional cause for the reduction of protective antioxidants and induction of undesired side effects.
In this study, we measured the total antioxidant capacity and cortisol levels in serum of 51 cancer patients receiving chemotherapeutic agents once a day or once a week and compared the concentrations of the two parameters between 1) patients and healthy people, 2) patients receiving the treatment once/day and once/week), and 3) patients of different sex.
METHODS
In the present study, the level of total blood antioxidants and cortisol levels were measured in blood serum of 51 (18 male and 33 female) Greek cancer patients on chemotherapy. All blood samples were collected before treatment between 8.00 and 9.00 a.m. All patients were volunteers, informed about the project, and did not follow any specific diet. The serum samples were stored for 3 -15 days at -80˚C (Serum can be stored at -80˚C for 1 month as it is described in the Technical Bulletin of Antioxidant Assay Kit of Cayma). Lipemic and hemolysed samples-when found-were excluded. 19 of the patients received their chemotherapy agents once a day and 32 received their therapy once a week. Most chemotherapy agents consisted of busulfan, etoposide and cyclopjosphamide, or cytosine, diaziquone and thiotepa. For comparisons, samples from 32 men and women of about the same age with no known health problem were also collected and used as controls.
Evaluation of TAC was done using the antioxidant Assay Kit of Cayman. Serum cortisol was measured using the immunoenzyme assay kit of HUMAN. Absorbance rates were measured using START-FAX 2100 microtitre plate reader.
Evaluation of Serum Total Antioxidant Capacity
TAC measurement was carried out using the antioxidant Assay Kit of Cayman. Antioxidants inhibit the oxidation of ABTS (2.2΄-azino-di 3-ethylbenthiazolinesulfonate) to ABTS+ by methmyoglobin. Trolox, the water soluble analogue of vitamin E, was used as control. Antioxidant concentration is quantified in millimolar Trolox equivalents [34] .
Evaluation of Serum Cortisol
Serum cortisol was measured using the immunoen-zyme assay kit of HUMAN. The method is based on competitive interaction of serum cortisol and a cortisolenzyme conjugated provided by HUMAN for a limited number of monoclonal anti-cortisol antibodies bound to the wells of a microtitre ELISA plate. The amount of the bound hormone-enzyme conjugate is inversely proportional to the concentration of cortisol in the specimen. After removal of unbound conjugate by washing, a substrate solution is added and a blue color develops which changes to yellow by the addition of stop solution. The absorbance is measured at 450 nm using a mictotitre plate reader. Concentration of unknown specimens is interpolated from a dose response curve generated by utilizing serum calibrators of known cortisol concentration [35] .
Statistical Analysis
Statistical analysis of data was carried out with SPSS [36] . The Student's t test for independent samples was used to compare the blood samples of cancer patients with them of healthy people. As this type of data follow the normal distribution, we used the Student t-test to detect significant differences between groups.
RESULTS
Measurement of the TAC in blood serum of 51 cancer patients receiving chemotherapy and 32 healthy individuals of the same age revealed a 75% decrease in serum antioxidants of treated cancer patients (p = 0.001 according to the Student's t-test). Measurement of cortisol levels in the same blood samples revealed a 10% increase in cortisol concentration in the patients' group (p = 0.044) (Figure 1) . TAC decrease was greater in patients receiving chemotherapy once a day compared to the patients receiving chemotherapy once a week (Figure 2) . A statistically significant difference (p = 0.001) was observed between the two groups of patients with total blood antioxidant concentration in daily receiving chemotherapy patients being 37% lower compared to the weekly treated individuals. Greater elevation of cortisol levels was measured in daily treated patients (D-T P) compared to the weekly treated (W-T) ones. A 27% increase in cortisol values of D-T P group was observed compared to the W-T group (p = 0.101).
A difference both in TAC and cortisol levels of male and female patients was also observed. Lower antioxidant levels (21% decrease, p = 0.055) and higher cortisol levels of poor significance though (29% increase, p = 0.214), were measured in male patients compared to the female ones as shown in Figure 3. 
DISCUSSION
Low antioxidant capacity was accompanied by high cortisol levels in cancer patients on chemotherapy, although some studies showed that cortisol can decrease oxidative stress through inhibition of nuclear factor-κB [37, 38] The decrease in antioxidant capacity reached 72% in weekly treated patients and 82% in daily treated patients compared to the control group. Since, most of the chemotherapeutic agents are cleared-off within hours or a few days, this means that a slight part of the decrease observed was due to the presence of the chemotherapeutic agent itself and low TAC was observed at least seven days after application of chemotherapy. This was a common finding in all patients and was not dependent on the chemotherapeutic agent used. A 10% -20% decrease in TAC is a common characteristic in patients suffering from cancer and was observed in benign and malignant neoplasias [39] . Emotional and biological stress and cytotoxic procedures may also contribute to that decrease. Increased cortisol concentrations were measured in all patients. A 10% average increase was observed in weekly-treated patients reaching 64% increase in daily-treated patients. Although, a straight relationship between antioxidant status and cortisol levels was not obtained from our results, high cortisol concentration may partly contribute to TAC decrease especially in daily-treated patients.
Exposure to stressful conditions often leads to high cortisol levels, smoothening at the same time, the differences existing because of sex or age [40] . Some published studies showed a significant reduction in serum cortisol immediately after infusion of either cisplatin or carboplatin and other chemotherapeutic agent like lysodren which works by attacking the cells of the adrenal glands to inhibit adrenal gland functioning [41] .
However, this was not observed in the present study. It seems that additional excretion of the hormone due to chemotherapy is added to the already elevated levels in male patients [42] or that male patients respond in a different way in stressful conditions. Different response to chemotherapy is also reflected in the antioxidant levels in serum of the two sexes. Sex differences in symptoms and response to a therapy has often been observed in cancer patients [43] .
In spite of the suggestion of some researchers that treatment with antioxidants may reduce the effect of some anticancer agents, we believe that such a great and persistent decrease in antioxidant capacity accompanying increased cortisol concentrations augments the probability of harmful side-effects and may lead to the organism weakening. We conclude that, depending on the treatments used against cancer, a special diet or treatment aiming at the improvement of patients' antioxidant capacity and reduction of cortisol concentration may upgrade the health status of patients and their response to therapies in general.
